Intestinal nosocomial infections remain a major concern in paediatric wards leading to increased morbidity and mortality. This study determined the aetiological and epidemiological profile of nosocomial diarrhoea (ND) among children admitted to a hospital in India. During the period of January 2008 to June 2009, we consecutively enrolled 100 children between the age of 2 months and 14 years who developed ND as defined by the Centers for Disease Control and Prevention. A control group of patients matched for age and severity score but with no diarrhoea at admission or during their hospital stay (n550) were also enrolled. Stool samples were cultured for various pathogens using standard protocols. Clostridium difficile toxins and rotavirus antigen were detected using commercial ELISAs. Detection of diarrhoeagenic Escherichia coli was carried out by multiplex PCR assay. All patient details were noted. In this study, males predominated (77 %), and 56 % children were ,1 year of age and 96 % were ,5 years. The mean duration of diarrhoea and hospitalization in the case group was 3.2 days and 27.5 days, respectively. Malignancy and nasogastric tube usage were significant underlying factors for the development of ND. Diarrhoeagenic E. coli was the commonest agent (47 %: enterotoxigenic E. coli, enteroaggregative E. coli and enteropathogenic E. coli were isolated in 22, 18 and 7 % of patients, respectively). C. difficile toxin was seen in 9 % of cases, whilst rotavirus was found in 8 % of cases. Although rotavirus and C. difficile are major causative agents of hospital-acquired diarrhoea in the developed world, in this setting diarrhoeagenic E. coli was responsible for the majority of cases of hospital-acquired diarrhoea. ND was most common in children aged ,5 years.
INTRODUCTION
The Centers for Disease Control and Prevention (CDC) definition (Garner et al., 1988) of nosocomial gastroenteritis requires the acute onset of diarrhoea in a hospitalized patient characterized by liquid stools for .72 h with or without vomiting and/or fever (.38 u C). In developing countries, the incidence of nosocomial diarrhoea (ND) is much higher than in the developed world. ND has been shown to be second only to nosocomial respiratory tract infections in causing mortality among hospitalized children (Garner et al., 1988) .
Most information about ND has come from data provided by the CDC's National Nosocomial Infections Surveillance System, which reported an increase in the rate of gastroenteritis from 1.3 per 10 000 discharges during 1980-1984 to 10.5 per 10 000 discharges during 1985 (Emori et al., 1991 . ND occurs in 1.2-2.1 % of all patients admitted to paediatric teaching hospitals and in 1.5 % of children admitted to paediatric wards (Brady et al., 1989) .
Clostridium difficile is the most frequently reported agent causing ND in adults, whereas rotavirus is the commonest agent implicated in small children (Emori et al., 1991) . Bacterial agents have mostly been reported to cause outbreaks of nosocomial gastroenteritis. These include Salmonella species (Hammami et al., 1991) , C. difficile (Pépin et al., 2004) , Shigella species (Paton et al., 1991) , Yersinia species (Jarvis, 1992) , enteropathogenic Escherichia coli (EPEC) (Boyer et al., 1975; Gross et al., 1976) , enterotoxigenic E. coli (ETEC) (Gross et al., 1976) and Vibrio cholerae (Ryder et al., 1986) . The most common sources of the organism are an infected infant, the hands of hospital personnel or contaminated articles. Enteral feeding, recent enemas, nasogastric tubes, the use of antacids/ H2 blockers, antimicrobial/antineoplastic therapy, length of hospital stay, persistent environmental contamination, asymptomatic intestinal carriage and carriage on the hands of hospital staff are some of the reported risk factors for ND (Hughes & Jarvis, 1987) .
Very few studies are available from India. ND has been reported to occur in 10.2 % of hospitalized patients, with Shigella, Salmonella, rotavirus and EPEC as the causative agents (Dutta et al., 1993; Uppal et al., 2004) . The risk factors also have not been studied. The aim of this study was to establish an aetiological and epidemiological profile of ND among children admitted to our hospital in India.
METHODS
Patient selection and details. A prospective study was conducted at the Postgraduate Institute of Medical Education and Research Centre, Chandigarh, India. One hundred children aged between 2 months and 14 years were enrolled consecutively following admission to the paediatric wards for an illness other than diarrhoea, with no history of diarrhoea at the time of admission and during the week preceding admission and who developed ND as defined by the CDC case definition (Garner et al., 1988) . Patients presenting with diarrhoea at the time of admission or developing diarrhoea within 48 h of admission were excluded. Also excluded were those with a history of diarrhoea during the week preceding admission. For every two cases of ND, one control patient matched to age and the severity of illness score was selected who had been admitted for more than 48 h and did not have diarrhoea at the time of inclusion or 1 week preceding admission to the facility.
A detailed history with thorough clinical examination was conducted in all patients. All investigations were noted. The Paediatric Risk of Mortality (PRISM) score of each patient admitted to the intensive care unit (ICU) was also noted. This score describes the severity of illness according to physiological derangement detected on clinical examination and standard laboratory tests (Pollack et al., 1988) .
Sample collection and processing. Patients' samples were collected after taking informed consent. The study was approved by the Institute's ethics committee.
Faecal samples were collected as early as possible after the development of diarrhoea. The sample was transported in CaryBlair medium (Difco Laboratories) for routine culture. C. difficile and rotavirus stool samples were kept at 270 uC for further analysis. Microscopic examination was carried out for the detection of pus cells, red blood cells and mucus. The presence of parasitic ova and cysts was examined microscopically using a formol ether concentration method. Acid-fast staining was carried out for Cryptosporidium, Isospora and Cyclospora using a modified ZiehlNeelsen stain (Garcia, 2001) . Bacterial enteropathogens such as Salmonella, Shigella, V. cholerae, Aeromonas and Yersinia were cultured by standard laboratory methods (Koneman et al., 1997) . Antibiotic sensitivity testing was carried out according to the Clinical and Laboratory Standards Institute recommendations for aerobic bacteria (CLSI, 2008) . Detection of toxins A and B for C. difficile was performed using a commercially available ELISA (DRG Toxin A+B EIA-4203; DRG International). Detection of rotavirus antigen was also performed using a commercially available ELISA (IVD Research).
Multiplex PCR assay for diarrhoeagenic E. coli Control strains. The following bacterial control strains were obtained from the National Institute of Cholera and Enteric Diseases (Kolkata, India): E22-5 (EPEC), 12652 (ETEC) and 17-2 [enteroaggregative E. coli (EAEC)]. The minimum criteria for determination of the various pathotypes of diarrhoeagenic E. coli were defined as follows: presence of elt and est for ETEC, bfpA for EPEC, eae for EHEC and aggR, aatA and east for EAEC. Non-pathogenic E. coli strain O115-3, which is devoid of all virulence genes of diarrhoeagenic E. coli, was used as a negative control.
Preparation of DNA template. All strains were cultured in 2 ml Luria-Bertani broth and incubated overnight aerobically at 37 uC with shaking. An aliquot (36 ml) of each broth culture was added to 4 ml 106 Tris/EDTA buffer [100 mM Tris/HCl (pH 8.3), 10 mM EDTA] and 60 ml 26 proteinase K buffer [20 mM Tris/HCl (pH 8.3), 100 mM KCl, 5 mM MgCl 2 , 1 % Tween 20, 800 mg proteinase K ml 21 ]. Each mixture was incubated for 90 min at 56 uC and 10 min at 95 uC in a waterbath. Subsequently, the samples were centrifuged at 10 000 g for 1 min and the supernatant from each was used as DNA template.
DNA amplification. An optimized protocol for multiplexing with a 50 ml mixture containing 10 mM Tris/HCl (pH 8.3), 50 mM KCl, 0.1 % Triton X-100, 1.5 mM MgCl 2 , 2.5 U Taq DNA polymerase, 0.2 mM dNTPs, 0.125 mM each of primers LT-F and LT-R, 0.4 mM each of primers EP-F and EP-R, 250 nM each of primers EAE-F and EAE-R, 0.5 mM each of primers ST-F and ST-R, 250 nM each of primers AGGR1 and AGGR2, 65 nM each of primers EA-F and EA-R and 190 nM each of primers EAST1 and EAST2, and 5 ml DNA template was used. Table 1 shows the details of the primers used along with the amplicon sizes. The reaction required a hot start. The thermocycler was set to achieve the following conditions: the DNA was denatured at 96 uC for 4 min, followed by 35 cycles of denaturation at 95 uC for 20 s, annealing at 52 uC for 20 min and extension at 72 u C for 1 min, with a final extension at 52 uC for 7 min. The multiplex PCR amplicons were detected by agarose gel electrophoresis performed in a basic Sub-Cell GT (Bio-Rad Laboratories) horizontal submarine electrophoresis unit using a PowerPac Basic (Bio-Rad Laboratories) power supply. Ten microlitres of PCR product was mixed with 2 ml gel loading buffer (MBI Fermentas). Each sample was separated by electrophoresis on a 2.5 % agarose gel along with a molecular mass marker (100 bp DNA ladder; MBI Fermentas) in 0.56 Tris/borate/EDTA buffer [100 mM Tris/HCl (pH 8.3), 10 mM EDTA], stained with 0.5 mg ethidium bromide ml 21 and visualized using a UV transilluminator. The results of gel electrophoresis were photographed using an Alphaimager 3400 imaging system and analysed using AlphaEase FC software version 4.0.1 (Alpha Innotech).
Statistical analysis. The results were analysed statistically using SPSS software version 14.0 using a Mann-Whitney test and Pearson's x 2 test.
RESULTS
There was no significant difference in sex distribution between the case and control groups: of the 100 cases, 78 % of patients were males and 22 % were females, whilst in the control group (n550), 76 % were males and 24 % were females ( Table 2 ). The largest group of patients was in the age group of 2 -12 months (56 % of the cases and 42 % of the control group). The mean ages were 2.4 and 3.2 years in the case and control groups, respectively. Thus, the case and control groups were age and sex matched. A PRISM score was available only for patients admitted to the ICU: six patients from the case group and two from the control group. No difference in PRISM score was found between these case and control patients. Thus, both groups were matched for severity score (P50.259 by Mann-Whitney test).
Fever was the commonest accompanying feature of diarrhoea, seen in 61 % patients, followed by vomiting and abdominal cramps in 16 and 4 % of the cases, respectively. None of the patients had dehydration. There was no mucus or blood in their stools. Among the control subjects, none had diarrhoea, whereas fever, vomiting and abdominal cramps were present in 70, 80 and 8 %, respectively. This difference was not statistically significant. The mean duration of diarrhoea in the case group was 3.2 days (range 1-8 days). Table 3 shows the underlying illnesses and risk factors in the two groups. Except for malignancy (P50.034) and the presence of a nasogastric feeding tube (P50.011), there were no statistically significant differences between the two groups.
The mean hospital stay in the case group was 27.5 days compared with 19.3 days in the control group. This difference was statistically significant by a Mann-Whitney test (P50.02). There was no difference in the outcome of cases and controls (6 % of patients died in each group). In the case group, the fatality rate was 2.4 times higher among patients with fever than among afebrile patients. Likewise, children whose duration of diarrhoea was .4 days had a 1.8-fold higher risk of fatal outcome. Abdominal cramps were inversely related to outcome: children who had cramps showed a fivefold lower fatality rate compared with children free from cramps. On applying logistic regression analysis, the outcome was found to be affected mainly by age. In children ,1 year of age, the odds ratio for death was 6.2. Antibiotic usage (Table 4 ) was significantly associated with the development of ND (P,0.001): usage of vancomycin (P,0.001), imipenem/meropenem (P50.002) and metronidazole (P50.005) was significantly higher in ND cases compared with controls.
An aetiological agent could be isolated in 75 % of the cases. ETEC was the commonest agent (25 %), followed by EAEC (17 %), C. difficile (9 %), rotavirus (8 %), EPEC (7 %), Candida species (6 %) and Pseudomonas aeruginosa (3 %). In the control group, C. difficile toxin was detected in 6 %, Candida species in 4 % and ETEC in 2 %. There was a significant difference between the isolation of ETEC (P,0.001) and EAEC (P50.002) among the case and control patients (Table 5 ). Rotavirus and E. coli generally affected younger patients, particularly those ,2 years old.
The diarrhoeagenic E. coli isolates (n549) showed a high level of multidrug resistance. The highest resistance was seen against nalidixic acid (98.0 %), followed by ciprofloxacin and norfloxacin (both 89.8 %), cotrimoxazole (87.8 %), ceftriaxone (79.6 %), amoxicillin (77.6 %), gentamicin (57.1 %), choramphenicol (49 %) and amikacin (16.3 %) (Table 6 ). There was no difference in the level of multidrug resistance between EPEC, ETEC and EAEC.
DISCUSSION
In the present study, 100 consecutively admitted patients with ND in the age group of 2 months-14 years were enrolled prospectively. Fifty controls matched for age, sex and severity score were selected from the same wards. Similar to community-acquired diarrhoea, children ,5 years were the most commonly affected (84 %). Males predominated over females; this may reflect the bias of admission towards male patients, as also depicted in our control group (76 %). The severity of patients' illness was scored by PRISM score but was available only for patients admitted to the ICU. This was also not found to be a significant factor for cases and controls. The development of ND had no bearing on mortality, as an equal percentage of patients died in the control and case groups.
Of the known risk factors, the length of hospital stay, age ,1 year and antimicrobial therapy with vancomycin, metronidazole or imipenem/meropenem were found to be significantly higher in the ND cases. Of these three antimicrobials, vancomycin and metronidazole could not be considered as risk factors as they were the most common empirically used antibiotics in patients who had diarrhoea because C. difficile was considered the most common cause of ND before the results of our study were available. These two antibiotics were withdrawn after the results of our diarrhoeagenic E. coli assays were available, which took an average of 3 days. Thus, our study led to the institution of proper antibiotic prescription and management of diarrhoea. Studies have shown that patients with ND have a prolonged duration of hospital stay (Kamalaratnam et al., 2001) . In our study, the mean duration of hospital stay was 27.4 days compared with 19.3 days in the controls (P,0.002). Nasogastric tube feeding was found to be a significant factor in the development of ND, as was found in a previous study (Eisenberg, 2002) .
Aetiological agents of ND may vary with the setting, methodology used and geographical area. In our study, diarrhoeagenic E. coli was the leading cause of ND, found in 49 % of cases, with ETEC as the leading pathotype (25 %), followed by EAEC in 17 % of cases and EPEC in 7 %. Alrifai et al. (2009) reported similar high rates of diarrhoeagenic E. coli, with EPEC isolated from 25 % of cases of ND. C. difficile was not found to be an important cause of ND, as toxins A and B were detected in only 9 % of cases in this study. In some settings, C. difficile has been Paediatric nosocomial diarrhoea in India reported to be the most frequently identified microorganism, with rates as high as 45 % (Hughes & Jarvis, 1987) . A study conducted in Delhi, India, found C. difficile in one patient out of 75, whilst EPEC and rotavirus were detected in 12 and 16 % of cases, respectively (Uppal et al., 2004) . This study reported a low detection of pathogens, detected in only 17.3 % of cases. Rotavirus has been reported to be an important cause of ND, ranging from 5 to 78 % (Lam et al., 1989) , and was attributed to 8 % of the cases of ND in the present study. In the current study, in the 22 cases where no infectious organism could be isolated, the diarrhoea was presumably non-infectious in origin or the result of infection by, for example, adenovirus or Norwalk virus, which have also been reported by the CDC (Yolken et al., 1982) , varying from 8 to 29 % of cases. These viruses were not looked for in our study. Our pathogen detection rate was quite high (75 %), presumably because we used a multiplex PCR assay to detect diarrhoeagenic E .coli. The incidence of ND due to E. coli is thought to be low, as routine testing for such microorganisms is beyond the capability of many clinical laboratories. A study from south India (Kamalaratnam et al., 2001) showed rotavirus, adenovirus, Salmonella and Cryptosporidium as the common organisms identified in children who acquired ND, with low detection rates of EPEC and ETEC. Clusters of ND were recorded in our study on three occasions and the agent was EAEC. Diarrhoeagenic E. coli such as EAEC and EPEC are also important causes of community-acquired diarrhoea in the age group studied in our geographical area, with overall detection of diarrhoeagenic E. coli in 20.3 % of cases, of which 68.0 % were EAEC, 20.4 % EPEC and 9.7 % ETEC (unpublished data). The most likely source of diarrhoeagenic E. coli infection in our setting could be an infected child admitted to the facility and inadequate infection control practices. Many of these agents can be transmitted through the contaminated hands of healthcare workers, although transmission through food and water is also possible. Following this study, milk and water samples were tested and found to be free of E. coli. EAEC has been implicated in many outbreaks of community-acquired diarrhoea, the first detailed description of a nosocomial outbreak of EAEC involving 19 infants in a hospital nursery in Serbia in 1995 (Cobeljić et al., 1996) . Differentiating diarrhoea caused by ETEC and C. difficile has important clinical implications because of the differences in management. Antibiotics have been shown to be beneficial in the treatment of diarrhoea caused by ETEC (Zaidi et al., 1991) , whereas handling of diarrhoea caused by C. difficile includes termination of ongoing antibiotic treatment and institution of oral metronidazole or vancomycin. Therefore, all cases of ND should be investigated using multiplex PCR for diarrhoeagenic E. coli. High levels of multidrug resistance in diarrhoeagenic E. coli are a serious cause of concern.
P. aeruginosa was isolated in three patients: all had underlying illness and had received antibiotics before the onset of diarrhoea. Diarrhoea stopped 3 days after withdrawal of the offending antibiotics in two of the patients. Similar findings were seen in a previous study (Kim et al., 2001) . In our study, six patients had overgrowth with Candida. A syndrome of watery diarrhoea associated with Candida overgrowth without invasion has been described in hospitalized patients (Gupta & Ehrinpreis, 1990) . The mechanism by which Candida species produce diarrhoea may be due to a toxin (Cutler et al., 1972) , or brush-border enzymes in the small intestine may be affected by Candida (Barnes et al., 1974) . Among the present cases of C. difficile-positive diarrhoea, the mortality was relatively high (five out of nine children). Children with multiple aetiologies were more likely to die, and these patients were in the ICU. Overall, multiple causative agents were found in five patients, of which four died (C. difficile and E. coli).
One of them had E. coli, C. difficile and rotavirus. Multiple studies have demonstrated the futility of the formerly routine order for stool ova and parasites (Paton et al., 1991) . In the present study, only three patients had Giardia cysts in their stool.
To conclude, ND affects the same age group as community-acquired diarrhoea. Diarrhoeagenic E. coli (especially ETEC and EAEC) were the most common agents found in this study. However, detection of rotavirus and C. difficile antigen was not significantly different between the cases and controls, casting doubt over their role as major players in causing ND. Mortality was highest in patients who were positive for C. difficile antigen. Children with multiple aetiologies were more likely to die. The only statistically significant factors for the development of ND were age ,1 year, prolonged hospital stay, usage of imipenem/ meropenem, the presence of a nasogastric feeding tube and malignancy. Better infection control practices are required to prevent the transmission of nosocomial pathogens. 
